ABSTRACT This study was conducted to investigate the effects of alfalfa meal supplementation on growth performance, carcass characteristics, meat and egg quality, and intestinal microbiota in chickens. A total of 600 healthy 20-wk female Beijing-you chickens (a local Chinese chicken breed) were selected and randomly assigned into 4 dietary treatments: 0, 5, 8, and 10% alfalfa meal supplementation. Chickens were raised in a free-range system for 56 d. Microbiota inhabiting 3 different intestinal sections (duodenum, ileum, and cecum) was determined using high-throughput sequencing. The results showed that chickens given alfalfa meal had lower (P < 0.05) feed conversion ratio, mortality, abdominal fat yield, and yolk cholesterol content, and higher (P < 0.05) breast muscle contents of inosine monophosphate, total amino acids, essential amino acids, non-essential amino acids, delicious amino acids, yolk protein, albumen protein, and yolk color compared to those given no alfalfa meal. The Lactobacillus was the dominant genus in both duodenum and ileum, while the microbiota in cecum was mainly composed of the Bacteroides. Although small changes in the dominant intestinal microbiota of chickens fed with or without alfalfa meal were observed, supplementation of alfalfa meal tended to stimulate the proliferation of beneficial bacteria, such as the Lactobacillus and Bacteroides, and inhibit potential pathogens, including the Clostridium. Therefore, dietary supplementation of alfalfa meal was feasible to Beijing-you chickens raised in a free-range system, and 10% was recommended as the relatively optimal level.
INTRODUCTION
The rapid development of human population and living standards has been accompanied by simultaneous increase in the demand of livestock and poultry productions, which resulted in increasing demand for conventional feed resources, especially for protein resource. In poultry feeding, soybean meal is usually the main protein resource. However, an increase in world soybean meal demand due to the increase in poultry production, associated with a stabilization of soybean meal production, has led to a decrease in availability and an increase in price of this commodity (Laudadio et al., 2014) . In pursuit of sustainable and economically viable poultry systems, many farmers worldwide are under increasing pressure to add forage in poultry diets. Alfalfa (Medicago sativa L.) is one of the most common perennial legume forage occupying approximately 324.53 million tonnes worldwide in 2013 (Tufarelli et al., 2018; Zheng et al., 2018) . Alfalfa meal is a commercially available feedstuff, as it is moderately rich in protein, well balanced in amino acids and a rich source of minerals as well as vitamins (Jiang et al., 2012) . It also contains lots of functional activated compositions, such as xanthophylls, β-carotene, flavonoids, polysaccharides, and saponins (Dong et al., 2007; Laudadio et al., 2014) . Such a broad range of advantages makes alfalfa meal an excellent poultry feed ingredient with different purposes. Recent studies showed that a comparable molt could be achieved with feeding alfalfa meal to 80 wk hens compared to feed deprivation (Landers et al., 2008) . Jiang et al. (2012) reported that 3, 6, and 9% alfalfa meal in diet decreased abdominal fat yield and improved carcass characteristics, without an adverse effect on performance of Muscovy ducks. Laudadio et al. (2014) suggested that partially replacing conventional soybean meal as protein resource with low-fiber alfalfa 2250 meal in laying-hen diets can positively influence yolk quality without adversely affecting productive traits.
Microbial community in the gastrointestinal tract (GIT) plays an important role in overall health and function of host, be it in human or animals (Shaufi et al., 2015) . During the processes of nutrition, metabolism, physiology, and immunity, the GIT microbiota can promote digestion and absorption of nutrients, stimulate the immune response of the host, and enhance resistance to infection . Highly productive chickens have been developed by selection for elite genetic traits; it is possible that in the future, gains in productivity and health outcomes could be influenced by selection of elite GIT microbiota. Therefore, the role of the GIT microbiota in both productivity and health is subjected to intensive study. The poultry GIT microbiota is affected by many factors, such as diet, age, antibiotic administration, and infection with pathogenic organisms (Lu et al., 2003) . Altering the diet by including high levels of insoluble fiber, such as alfalfa meal, could affect growth efficiency and significantly impact the composition of microbial population of the poultry GIT (Escarcha et al., 2012) . Any alteration in the GIT microbiota may have functional consequences for the health and growth performance of the host . However, not only limited studies have attempted to understand how the GIT microbiota is affected by dietary alfalfa meal supplementation, but also even fewer have analyzed the relationship between the GIT microbiota and growth performance.
Microbial communities originating from different GIT sections are so different that it has been suggested that they should be considered as separate ecosystems (Stanley et al., 2014) . Wang et al. (2017) reported that microbial communities from 7 different GIT sections could be separated into 3 groups according to similarity of community composition: the upper gut (gizzard, proventriculus, duodenum, and jejunum), ileum, and lower gut (cecum and cloaca). Therefore, the objective of this study is to describe microbial communities from 3 GIT sections (duodenum, ileum, and cecum) of chickens with and without dietary supplementation of alfalfa meal by high-throughput sequencing. We also provide data on growth performance, carcass characteristics, meat and egg quality of chickens. Therefore, the results of this study may aid to provide base information for designing high efficiency feed formula with alfalfa meal supplementation and develop applicable probiotics.
MATERIALS AND METHODS

Chickens, Diet and Experimental Design
All experimental procedures used were approved by Animal Care and Use of Laboratory Animals for the Beijing Academy of Agriculture and Forestry Sciences. Beijing-you chicken, a typical Chinese native breed with excellent meat and egg quality, was selected for this 1.0 to 3.0 g of Zn; 1.5 g of Fe; 1.5 g of Mn; 2.5 to 7.5 mg of Se; 25 mg of I; 11.5 to 21.4% of Ca; 2.0 to 3.9% of P; 6.1 to 11.3% of sodium chloride; 2.3 to 4.3% of Met.
3 ME, metabolic energy; CP, crude protein; Ca, Calcium; Total P, total phosphorus; Available P, available phosphorus; Lys, lysine; Met, methionine; Cys, cysteine. experiment. A total of 600 female Beijing-you chickens were incubated contemporaneously and raised in cages at a brood house until 20 wk for this study. Chickens were randomly divided into 4 dietary treatments, with 3 replicates per treatment and 50 chickens in each replicate. The 4 dietary treatments were as follows: control group A0 received no diet supplements; test groups A1, A2, and A3 were supplemented with 5, 8, and 10% alfalfa meal into basal diet, respectively. The diets (Table 1) were isocaloric and isonitrogenous containing 16% crude protein (CP) and 2,628 kcal/kg of metabolic energy (ME), based on National Research Council (NRC, 1994) requirements. Alfalfa (M. sativa L. "Zhongmu NO. 1") meal that was used in this study contained 89.6% dry matter (DM), 17.0% CP, 20.3% crude fiber, 1.2% crude fat, and 11.3% crude ash. Chickens were raised in a free-range system, in which chickens were fed in an indoor house (20 m 2 ) with free access to an outdoor paddock as a playground (30 m 2 ). Feed were provided twice a day at 7 am and 4 pm, respectively. Feed and water were provided ad libitum throughout the entire trial. The experiment lasted for 56 d after 7 d of adaptation.
Data Collection and Sampling
Residual feed was weighed daily to determine average daily feed intake (ADFI). Chickens were inspected thoroughly each day to record and remove any death. The ADFI was adjusted for dead chickens. Body weight (BW) of chickens was recorded after a 12-h feed withdrawal at the start and end of the experiment to assess average daily gain (ADG). Eggs were collected daily, and egg production was calculated on a hen-day basis. At the end of the experiment, 12 eggs form each replicate were individually weighed and collected for interior and exterior qualities analysis. Feed conversion ratio (FCR) was calculated as grams of feed per grams of egg gain. Five chickens form each replicate with a BW close to mean BW of each group were selected randomly and euthanized by exsanguination (Jiang et al., 2011) . After bleeding, chickens were scalded in water at 60
• C for 45 s prior to defeathering, evisceration, and tissue sample collection. The GIT was removed from the carcasses immediately, clamped with forceps, and placed in sterile Erlenmeyer flasks on ice. Intestinal contents were scrapped aseptically from duodenum, ileum (2 cm from Merkel's diverticulum and 2 cm from cecum junction), and cecum (both pairs) by sterile glass slides, and pooled for each dietary treatment to reduce variation between individuals (Shaufi et al., 2015) . Intestinal contents were then immediately frozen in liquid nitrogen and stored at -80
• C until using for the isolation of metagenomic DNA. The defeathered carcass, including head and feet, was eviscerated manually and weighed as eviscerated weight (EW). Eviscerated yield was calculated as the percentages of BW. Breast muscle, thigh muscle, and abdominal fat pad including leaf fat surrounding the cloaca and gizzard were separated and weighed. Breast and thigh muscle yields were calculated as the percentages of EW. Abdominal fat percentage was calculated by abdominal fat weight/(abdominal fat weight + EW) (Sun et al., 2017) . Fresh breast and thigh muscle samples were ground and freeze-dried in a vacuum freeze dryer (Modulyod-230, Thermo Fisher Scientific Inc., MA) at -50
• C and 150 Pa for chemical analysis.
Meat and Egg Quality Measurements
The DM, CP, crude fat and ash contents of breast and thigh muscle samples were determined by standard procedures of the Association of Official Analytical Chemists (AOAC, 1990) . The inosine monophosphate (IMP) concentration in breast and thigh muscle was determined by high-performance liquid chromatography (LC-10A, Shimadzu Corporation, Tokyo, Japan) according to the method of Jung et al. (2013) . Free amino acids were determined by automatic amino acid analyzer (L-8800, Hitachi Ltd, Tokyo, Japan) as described by Yan et al. (2018) .
The egg shape index was calculated as the ratio of vertical and horizontal diameter of the egg using Egg Form Coefficient Measurement Instrument (FHK, Fujihira Industry Co., Ltd, Tokyo, Japan). Eggshell thickness was measured with Eggshell Thickness Gauge (ETG-1061, Robotmation Co., Ltd, Tokyo, Japan). Eggshell strength was measured using Egg Force Reader TM (Orka Food Technology Co., Ltd, Israel). Also, egg weight, Haugh unit, and yolk color were measured automatically using Egg Multi Tester (EMT-5200, Robotmation Co., Ltd). Yolk was separated from albumen to determine yolk weight and yolk percentage. The separated yolk and albumen were freeze-dried in a vacuum freeze dryer (Modulyod-230, Thermo Fisher Scientific Inc., MA) at -50
• C and 150 Pa for the subsequent protein, lecithin, and cholesterol determination .
Metagenomic DNA Extraction and 16S rRNA Gene Amplicon Sequencing
Total genomic DNA from each GIT content was extracted by the QIAamp DNA Stool Mini Kit (Qiagen Inc., Valencia, CA) according to the manufacturer's instructions and stored at -80
• C. DNA samples were detected before treatment after being thawed on ice, centrifuged, and mixed thoroughly, Qubit test was used to determine DNA concentration. The universal primer pair 338F (5 -ACTCCTACGGGAGGCAGCA-3 ) and 806R (5 -GGACTACHVGGGTWTCTAAT-3 ) was used to amplify the V3 and V4 regions of the bacterial 16S rRNA gene. The forward primer contained 12-bp barcodes unique to each sample, in order to enable the pooling of all PCR products for sequencing and the subsequent assignation of sequence reads to their respective samples (Neher et al., 2013) . PCR reactions were performed in 25 μL volumes containing 30 ng of template DNA, 1 μL of each primer (5 μmol/L), 3 μL of BSA (2 ng/μL), and 12.5 μL of 2 × Taq PCR Master Mix (Takara Bio Inc., Shiga, Japan), and double-distilled water was added to obtain a final volume of 25 μL. Thermocycling conditions were as follows: 95
• C for 5 min to denature the DNA, with amplification proceeding for 28 cycles at 95
• C for 45 s, 55
• C for 50 s, and 72
• C for 45 s; a final extension of 10 min at 72
• C was added to ensure complete amplification. PCR products were detected using 1% agarose gel electrophoresis and purified using the Gene-JET Gel Extraction Kit (Thermo Fisher Scientific Inc., Carlsbad, CA). Purified amplicons were quantified using a QuantiFluor-ST Fluorometer (Promega Corporation, Wisconsin, WI), mixed in equidensity ratios, and sequenced on an Illumina MiSeq PE300 platform (Illumina Corporation, San Diego, CA) according to the manufacture's standard protocol (Allwegene Technology Inc., Beijing, China).
Bioinformatics Analysis
Bioinformatics analysis was conducted as we described previously (Zheng et al., 2017) . Quality control and assignment of Illumina MiSeq sequences to samples based on their barcodes were done following the standard QIIME pipeline (ver. 1.7.0, http://qiime.org/index.html). Obtained high-quality reads were assigned to operational taxonomic units (OTUs) at 97% sequence similarity using UPARSE software package (ver. 7.0.1001, http://drive5.com/uparse/). The defined OTUs were assigned to different taxonomic levels (phylum and genus) at a cutoff of 97% comparing with the SILVA bacteria reference database (ver. 1.8, http://www.arb-silva.de) (Xiao et al., 2017) . Alpha diversity analyses, including microbial community diversity (Shannon diversity index) and richness (OTUs numbers, Chao1 richness, and the Good's coverage), were performed using Mothur software (ver. 1.30.1, http://www.mothur.org/wiki/Classify.seqs). Beta diversity analysis was performed to investigate the diversity between duodenum, ileum, and cecum of chickens with different dietary treatments. Principal coordinate analysis (PCoA) was calculated using Mothur software (ver. 1.30.1, http://www.mothur.org/wiki/Classify.seqs).
Statistical Analysis
Growth performance, carcass, meat, and egg traits data were analyzed by 1-way ANOVA for a factorial arrangement of treatments using the GLM procedures of SAS 9.1 (SAS Institute, Inc., Cary, NC), and the Tukey test was used for comparisons at 5% significant level.
RESULTS
Growth Performance
The effects of dietary supplementation of alfalfa meal on growth performance, egg production, and FCR of Beijing-you chickens are presented in Table 2 . BW increased by 1.11, 2.47, and 3.97%; ADFI decreased by 10.00, 9.51, and 4.83%; and egg weight increased by 1.38, 4.64, and 4.86%, respectively in chickens receiving 5, 8, and 10% alfalfa meal diet than in those given no alfalfa meal, although no significant differences (P > 0.05) were observed among treatments. However, supplementation of different levels of alfalfa meal decreased (P < 0.05) FCR and mortality compared to the control. The mortality decreased (P < 0.05) by 31.22, 37.47, and 62.53% in chickens fed 5, 8, and 10% alfalfa meal diet compared to those given no alfalfa meal.
Carcass Characteristics and Meat Quality
Yields of eviscerated carcass, breast muscle, and thigh muscle were increased with increasing dietary supplementation levels of alfalfa meal compared to the control, but no significant differences (P > 0.05) were observed among treatments (Table 3) . However, dietary supplementation of 5, 8, and 10% alfalfa meal decreased (P < 0.05) abdominal fat yield by 36.45, 43.93, and 40.19% as compared to the control.
Dietary supplementation of alfalfa meal did not result in significant differences (P > 0.05) among treatments for DM, CP, crude fat, and crude ash contents of breast muscle. The IMP, non-essential amino acids, and delicious amino acids contents of breast muscle in chickens fed 8 and 10% alfalfa meal diet were increased (P < 0.05) compared to the control. Irrespective of the amount of alfalfa meal added, there was an increase (P < 0.05) in total amino acids and essential amino acids contents of breast muscle as compared to the control. The highest IMP, total amino acids, essential amino acids, non-essential amino acids, and delicious amino acids contents of breast muscle were observed in chickens fed 10% alfalfa meal diet, which increased (P < 0.05) by 14.69, 25.68, 18.40, 30.17, and 35 .68% as compared to the control. However, compared to the control, no significant differences (P > 0.05) were observed for thigh muscle DM, CP, crude fat, crude ash, IMP, total amino acids, essential amino acids, non-essential amino acids, and delicious amino acids contents because of dietary supplementation of alfalfa meal.
Egg Quality
A slight improvement in eggshell strength, albumen height, Haugh unit, yolk weight, and yolk lecithin was observed in chickens fed diets containing alfalfa meal compared to those fed a basal diet, although no statistically significant differences (P > 0.05) were observed among treatments (Table 4 ). In terms of eggshell thickness, egg shape index, and eggshell weight, the values were also statistically similar (P > 0.05) for all chickens on experimental diets. Yolk color score was increased (P < 0.05) by 22.32, 25.47, and 26.53% when 5, 8, and 10% alfalfa meal was included into the diet of chickens compared to the group fed a basal diet. In terms of protein contents in yolk and albumen, the results revealed that there were also increases (P < 0.05) due to dietary supplementation of alfalfa meal. Compared to the control, yolk cholesterol content decreased (P < 0.05) by 5.62, 5.20, and 8.23% in chickens receiving 5, 8, and 10% alfalfa meal diets.
Intestinal Microbiota
A total of 327,049 valid sequences with an average length of 420 base pairs were obtained from all samples after filtering for quality (Table 5 ). The sequences were further clustered into 305 to 599 OTUs for each sample, resulting in a total of 825 OTUs based on 97% sequence identity. The richness of the microbial community in the 3 GIT sections was reflected by Chao1 index, which ranged from 361 to 614 among all dietary treatments. The Shannon indices, reflecting the microbial community diversity, ranged from 3.52 to 7.07. Compared to the control, supplementation of different levels of alfalfa meal decreased the microbial community diversity in any of the 3 GIT sections, except for ileal microbiota of chicken fed 10% alfalfa meal. In addition, a higher bacterial diversity was obtained in cecum in comparison to duodenum and ileum regardless of the dietary treatments. The sampling completeness was evaluated by using the Good's coverage, which calculated the probability that a randomly selected amplicon sequence from a sample has already been sequenced. Good's coverage was around 0.99 in all samples, which indicated that the sampling depth had adequately captured most of the microbial community.
Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria were the major phyla common to the 3 GIT sections of Beijing-you chickens with and without dietary supplementation of alfalfa meal (Figure 1) . Firmicutes was the most abundant phylum in both duodenum (with the relative abundance of 80.11 to 86.74%) and ileum (55.03 to 75.31%) regardless of the dietary treatments, while the most 16S rRNA gene sequences isolated from cecum were associated with the Bacteroidetes (53.99 to 68.37%). In ileum, 14.21 to 30.55% of the 16S rRNA gene sequences were associated with the Bacteroidetes, followed by the Proteobacteria (1.27 to 13.84%). The relative abundance of the Actinobacteria was higher in duodenum, but was found rarely in the other 2 GIT sections. In addition, dietary supplementation of alfalfa meal increased the relative abundance of the Bacteroidetes in ileum, with a concomitant decrease in the Firmicutes compared to the control.
The genus Lactobacillus accounted for more than 65% of the sequences obtained from duodenum of chickens with all dietary treatments, while the relative abundance of other detected genera were less than 10%. The Lactobacillus (33.52 to 60.20%) was also observed as the dominant genus in ileum, followed by the genera Bacteroides (2.23 to 19.41%), Rikenella (1.09 to 5.80%), and Clostridium (1.38 to 7.83%). However, the dominant genus in cecum was replaced by the Bacteroides (30.88 to 38.78%), and the relative abundance of the Lactobacillus was less than 10%. Small changes in the dominant GIT microbiota of Beijing-you chickens fed with or without alfalfa meal were observed in this study. Dietary supplementation of alfalfa meal resulted in a decrease in the relative abundance of the Rikenella and Clostridium in the 3 GIT sections, and an increase in the relative abundance of the Bacteroides in ileum and cecum compared to the control. The Lactobacillus increased in the relative abundance in the 3 GIT sections of chickens receiving 5 and 8% alfalfa meal diets than in those given no alfalfa meal.
As shown in Figure 2 , the relationships among microbial communities of the 3 GIT sections of chickens from different dietary treatments were represented by the PCoA plot. Clustering distances between samples were highly dependent on the GIT sections, rather than dietary treatments. The microbial community from each GIT section formed cluster respectively, although there were overlaps among duodenum and ileum groups. The microbial community of cecum formed a distinct cluster separated from that of the other 2 GIT sections.
DISCUSSION
With the improvement of experimental research and production performance over the past half century, the growth rate and feed efficiency of poultry have been speeded up and made a breakthrough along with the development of nutritional manipulation techniques and genetic improvement (Xia et al., 2018) . This study showed that Beijing-you chickens fed diets supplemented with 5, 8, and 10% alfalfa meal had significantly decreased FCR and mortality. Bioactive compounds present in alfalfa meal increased the bone mechanical strength and immune function, all contributing to low mortality, as reported by Kwiatkowska et al. (2017) . Better feed efficiency because of dietary supplementation of alfalfa meal was also observed by Kwiatkowska et al. (2017) , who explained that a variety of biologically active compounds from alfalfa could improve digestion and utilization of feed nutrients. In this study, however, dietary supplementation of alfalfa meal had no significant effects on BW, ADG, ADFI, egg-laying rate, and average egg weight compared to the control. Previous studies have shown that the effects of alfalfa meal on the performance of poultry vary. Lepkovsky et al. (1950) observed that dietary supplementation of 5% or more alfalfa meal adversely affected performance in broilers. Guclu et al. (2004) reported that adding 3, 6, and 9% alfalfa meal to diets of laying quails had no significant effects on live weight, egg production, feed consumption, or feed efficiency. Growing ducks fed diets supplemented with 3, 6, and 9% alfalfa meal did not significantly differ in terms of ADG, ADFI, and feed efficiency from those not fed an alfalfa meal diet (Jiang et al., 2014) . The difference in performance among various studies might be attributed to the difference in poultry species, concentration of alfalfa meal in the diet, and rearing conditions. Chickens with high breast muscle yield, low abdominal fat yield, and high BW have been selected for improving carcass characteristics. In this study, the carcass characteristics of chickens were improved by dietary supplementation of 5, 8, and 10% alfalfa meal compared to the control, as indicated by increased yields of eviscerated carcass, breast muscle, thigh muscle, and decreased abdominal fat yield. In agreement with our findings, Jiang et al. (2012) reported that alfalfa meal in the diet could improve the carcass traits of Muscovy ducks by increasing breast muscle yield and decreasing abdominal fat yield. The polysavone and xanthophylls from alfalfa meal might be the key factors contributing to the decreased abdominal fat yield (Dong et al., 2007) .
Flavor is another important factor that determines meat quality, and the active flavor components in chicken meat are mainly composed of free glutamic acid, 5 -inosinic acid, and potassium ion. In this study, dietary supplementation of alfalfa meal significantly increased IMP and delicious amino acids contents in breast muscle compared to the control, suggesting that alfalfa meal could improve the umami flavor in chicken meat. Increased IMP content in breast muscle was also observed previously when Beijing-you chickens were grazed on chicory pasture (Meng et al., 2016) . The species and contents of free amino acids in the tissues were determined to evaluate the nutritional value of muscle, and it was reported that the metabolic fate of amino acids in enterocytes was subject to dietary manipulation (Moss et al., 2018) . In this study, the nutritional value of breast muscle was improved by adding alfalfa meal, as indicated by the significantly higher contents of total amino acids and essential amino acids in chickens receiving alfalfa meal diets than in control. However, no significant effects of dietary supplementation of alfalfa meal on IMP, delicious amino acids, total amino acids, and essential amino acids contents in thigh muscle were observed. Tissue specificity for chemical compositions of muscles was reported previously, and it could be presumed that there were underlying differences between the tissues in priorities for nutrient use or partitioning (Zhao et al., 2009) .
Chicken egg is one of the most nutritious foods for humans, as it is a very good resource of protein and energy. However, large amount of cholesterol content in egg yolk has been a primary health concern for consumers, especially for old people and hypercholesterolemia patients (Xia et al., 2018) . Excessive intake of cholesterol may result in some diseases, such as atherosclerosis and fatty liver. Results from previous studies showed that dietary supplementation of natural products, such as garlic powder, Gynura procumbens, alfalfa, or flax sprouts had a great potential to reduce cholesterol concentrations in serum and egg yolk (Feng et al., 2017) . In this study, dietary supplementation of 5, 8, and 10% alfalfa meal significantly decreased yolk cholesterol content compared to the control. It was consistent with the results of Guclu et al. (2004) , who also suggested that the reduced yolk cholesterol level was likely due to the inhibition of dietary cholesterol absorption as well as the excretion of endogenous cholesterol by bile acids and inhibition of their reabsorption by alfalfa saponin. The egg yolk color score was increased when alfalfa meal was included into the diet compared to the control, which was consistent with the results of Laudadio et al. (2014) . Quantity of β-carotene contained in alfalfa meal might be related to the dark egg yolk color. There was evidence that the energy and material metabolisms could be changed because of exterior nutrition matter, and then the egg compositions were altered (Mwaniki et al., 2018) . In this study, dietary supplementation of alfalfa meal might have stimulated the absorption and utilization of protein resource, resulting in significantly higher protein content of yolk and albumen compared to the control.
Thorough investigation of the chicken GIT microbiota is essential to understand their roles in host function, as it is well known that the GIT microbiota is of great importance to host health and production. In this study, the spatial patterning of intestinal microbiota in Beijing-you chickens subjected to different dietary treatments was investigated by high-throughput sequencing. Shannon indices showed that the microbiota in cecum was much more diverse than that in duodenum and ileum. In addition, the results of PCoA revealed that the microbiota in cecum separated from that in duodenum and ileum, while microbial compositions in duodenum and ileum shared some similarity. Xiao et al. (2017) suggested that variance in the microbiota among different GIT sections might be attributed to different GIT functions. A more diverse microbial community was observed in cecum and feces of ducks fed 3, 6, and 9% alfalfa meal than those given the unsupplemented diet (Jiang et al., 2014) . In contrast, in this study, dietary supplementation of alfalfa meal decreased microbial community diversity in any of the 3 GIT sections compared to the control. The stimulation of predominant bacteria might have led to a fall in the microbial community diversity in the GIT microbiota of chickens fed alfalfa meal added diets.
In agreement with our results, previous studies on the GIT microbiota from broilers showed that the Firmicutes was the dominant phylum in duodenum and ileum, while cecum was inhabited mostly by the Bacteroidetes Xiao et al., 2017) . Different GIT sections are varied from each other in functions, and different GIT microbiota contributes to different GIT functions. As reported, the small intestine (duodenum, jejunum, and ileum) is the important site for digestion and nutrient absorption, while intestinal microbiota in cecum carries many important roles such as fermentation and breaking undigested substrates (Shaufi et al., 2015) . Numerous studies have investigated the probiotic effect of the Firmicutes and Bacteroidetes on GIT function, and the results showed that the Firmicutes have a positive correlation with high energy efficiency, while the Bacteroidetes help the host in polysaccharide decomposition to improve nutrient utilization (Xu et al., 2016) . They also suggested that adding more dietary fiber could increase the amount of the Bacteroidetes in cecum of Dagu chickens.
In this study, the Lactobacillus was more abundant in duodenum and ileum, indicating that the Lactobacillus played an important role in nutrient absorption as suggested by Xiao et al. (2017) . In addition, the Lactobacillus has been widely used as probiotics in feed to reduce egg yolk cholesterol concentrations (Haddadin et al., 1996) , improve eggshell thickness (Nahashon et al., 1996) , stimulate the immune system (Fong et al., 2015) , improve poultry growth performance (Peng et al., 2016) , and regulate the GIT microbiota . The Bacteroides, which was the major genus in cecum, was considered to have one of the highest hydrolytic activities among all known genera, being recognized as effective degraders of non-digestible carbohydrates and short-chain fatty acid producers (Stanley et al., 2014) .
In general, a temporal shift in the chicken GIT commensal microbiota occurred within 42 d. Modulation could be best performed during transient phase when the GIT microbiota is still unstable and do not have strong core microbiota (Shaufi et al., 2015) . In this study, old chickens of more than 20 wk, at least in part, contributed to the small changes in the dominant GIT microbiota of Beijing-you chickens fed with or without alfalfa meal. Alfalfa meal supplementation increased the relative abundance of the Bacteroides in ileum and cecum compared to the control. Jiang et al. (2014) reported that alfalfa meal had one of the slowest passage rates in the poultry GIT. Park et al. (2017) also found that feed additives can impact the gut microecology by selectively enriching those taxa that can ferment the feed additives. Therefore, we hypothesized that the increase of the Bacteroides might be attributed to the longer resident time of alfalfa meal in ileum and cecum, which allowed the Bacteroides populations to exploit the fiber fermentation niche. However, the observation that the increase in the relative abundance of the Lactobacillus in all 3 GIT sections was only occurred in chickens fed 5 and 8% alfalfa meal is difficult to explain. It was previously reported that dietary supplementation of alfalfa meal reduced pathogen populations in the poultry GIT, as bacterial fermentation of alfalfa could produce volatile fatty acids which is toxic to some pathogenic bacteria (Escarcha et al., 2012) or retain the microflora that may partially function as a barrier to pathogenic bacteria (Jiang et al., 2014) . This was in agreement with our findings where the potentially pathogenic bacteria, such as the Clostridium in all 3 GIT sections, were inhibited by dietary alfalfa meal supplementation.
CONCLUSIONS
The results demonstrated that dietary supplementation of 5, 8, and 10% alfalfa meal to Beijing-you chickens had beneficial effects associated with growth performance, carcass characteristics, meat and egg quality, and intestinal microbiota. Moreover, some of these beneficial effects were enhanced as alfalfa meal levels increased. The Lactobacillus was the dominant genus in both duodenum and ileum, while the dominant genus in cecum was identified as the Bacteroides. Although small changes in the dominant GIT microbiota of Beijing-you chickens fed with or without alfalfa meal were observed, supplementation of alfalfa meal tended to stimulate the proliferation of beneficial bacteria, such as the Lactobacillus and Bacteroides, and inhibit potential pathogens, including the Clostridium. It was recommended that, therefore, dietary supplementation of 10% alfalfa meal was optimal to Beijing-you chickens raised in a free-range system.
